Application Serial No.: unknown 
Preliminary Amendment 



REMARKS/ARGUMENTS 
Claims 1-3 are canceled herein without prejudice or disclaimer to the subject 

matter. 

Claims 4-6 are amended for formal reasons, in particular to reorder the elements 
recited in claim 4. 

Claim 4 also is amended to recite a worm gear. This is supported by the 
disclosure, for example as illustrated in Figure 5, wherein worm gear 12A is shown. 

Claim 4 is amended to refer to "supporting units" rather than "end part holding 
means", and a "distortion prevention unit" instead of "center supporting means". Claim 5 
similarly is amended to refer to an "engagement assistor" instead of "urging means". 
Applicants respectfully submit that referring to previously disclosed elements by different 
names does not constitute the addition of new matter. 

New claims 7-10 are added to recite that the ends of the worm shaft are supported 
without play. This is supported by the disclosure, for example in paragraph 19. 

New claim 1 1 is added to recite that the worm shaft is joined with the electric 
motor, as formerly recited in claim 4. 

No new matter has been added. Claims 4-1 1 are pending in the application. 

Applicants respectfully request that the preliminary amendment described herein 
be entered into the record prior to calculation of the filing fee and prior to examination 
and consideration of the above-identified application. 
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If a telephone conference would be helpful in resolving any issues concerning this 
communication, please contact Applicants' primary attomey-of-record, Curtis B. Hamre 
(Reg. No 29,165) at (612) 336-4722. 



Respectfully submitted, 

MERCHANT & GOULD P.C. 
P. O. Box 2903 

Minneapolis, MN 55402-0903 
(612) 332-5300 

Curtis B. Hamre 
Reg. No. 29,165 
CBH/MLL 




Date: 27 October 2003 
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ELECTRIC MOTOR ASSIST TYPE POWER STEERING APPARATUS 

BACKGROUND OF THE INVENTION 

1 , FIELD OF THE INVENTION 

The present invention relates to an electric motor assist type power steering 
apparatus . More specifically, the present invention relates to an electric-motor- 
controlled power steering apparatus , which assists reduces the steering effort of a driver 
by making th e applying power (steering torque) generated by an electric motor pow e r 
act on to a steering system directly . 

2. PRIOR ART 

An electric motor assist type power steering apparatus (hereinafter defined as an- 
el e ctric "power steering apparatus") assists th e supplies an assistant steering force of to 
a steering system in order to assist a driver by making u se of th e driving force of an 
el e ctric motor directly in turning a steering wheel . A v e hicl e , on which an e l e ctric 
Vehicles equipped with power steering apparatus is mounted, is wid e ly spreads, and 
according to th e electric pos e r st ee ring apparatus, since a mov e ment of the ste e ring 
hecom e r , light, a driv e r op e rat e s th e steering without strong forc e are in widespread use. 
In such vehicles, since smooth turning of the steering wheel is enabled by the power 
steering apparatus, the driver can turn the steering wheel with ease . 

As an example of th e el e ctric these kinds of power steering apparatus, a pinion 
assist type electric power steering apparatus, in which a worm shaft and a worm wheel 
are used as th e m e ans for transmitting th e driving in order to transmit an assistant 
steering force ef generated by an electric motor to a steering shaft , is known. The 
el e ctric power steering apparatus, disclosed in the Japanese patent unexamined patent 
publication HI 1-43062, is one example thereof. 
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8 In this electric power steering apparatus, as shown in FIG. 8, an electric motor 
5 1 for adding > which is used to provide an assist assistant steering force to a steering 
shaft, which is rotated by the op e ration of th e st ee ring, is provided. When the steering 
wheel is rotated in order to turn the steering shaft, the electric motor 5 1 supplies the 
assistant steering force to help rotate the steering shaft. The worm shaft 52 electric 
motor 5 1 is connected to th e el e ctric motor 51 a worm shaft 52 . A pinion shaft 53 is 
joined with the st ee ring shaft. Th e worm wh e el 54, which is engag e d with a worm gear 
52 A of the worm shaft 52 is engaged with a worm wheel 54 , is fix e d to a pinion shaft 53 
so that it will be in th e coaxial location which is coaxiallv arranged with respect to the a 
pinion shaft 53. 

9 Both e nd parts Ends 52B and 52C of the worm shaft 52 are held supported by 
ball bearings 55 and 56 , r e spectiv e ly . The assist assistant steering force brought 
generated by the electric motor 51 is add transferred to the pinion shaft 53 through the 
worm gear 52 A and the worm wheel 54^ which are engaged tog e th e r with each other . 
By adding this assist st e ering forc e , th e ste e ring forc e requir e d for st ee ring op e ration of 
a driv e r is d e cr e ased. Thereby, the eflFort that must be exerted by a driver to turn the 
steering wheel is alleviated by the assistant steering force. 

10 In the electric power steering apparatus 50 disclosed in the above described 
Japanese unexamined patent application, however, both e nd parts ends 52B and 52C of 
the worm shaft 52 are rotatably held only supported by the ball b e aring bearings 55 and 
56^ with the occurrence of backlash. 

1 1 Since Therein, since the flexural rigidity ( also referred to as flexural resistance^ 
the capacity of an object to resist flexing when stress is applied to thereto ) of the worm 
shaft 52 is not so high relatively low , the fl e xur e of th e worm shaft 52 tends to be aris e n 
easily deformed by the load applied to the worm shaft 52 . Wh e n Therefore, when the 
steering wheel is turned back in the other way whil e turning in th e on e dir e ction , since 
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the steering torque sensed by the a torque sensor (not shown) decreases, the electric 
motor 5 1 is controlled so that th e assist as to provide a decreased assistant steering force- 
will be d e creased . 

12 In this case, It is desirable to enable the steering must wheel to be turned back 
with smoothly^ by rotating the electric motor 51 through the worm wheel 54 and worm 
shaft 52. If the flexur e is arising on But, if the worm shaft 52 has flexed , how e ver, since 
the assistant steering force has decreased, the bending moment aff e ct e d to th e rotation 
shaft of th e worm g e ar 52A is decr e ased by th e d e cr e asing of the assist st ee ring forc e 
brought by th e e lectric motor 5 1 . th e for affecting the worm shaft 52 decreases. When a 
restoring force is applied to the worm shaft 52, restorative deformation is aris e n for 
corr e cting th e fl e xure of the worm shaft 52 occurs . 

1 3 Since this the restorative deformation acts as an undesirable forc e and inhibits 
disturbs the rotation of the worm gear 52A, the rotation assistant steering force fi-om the 
worm wh ee l 51 electric motor 5 1 is not smoothly transmitted to the e lectric motor 5 1 
worm wheel 54 . Thus, the mismatch on th e suitable r e lationship among proper 
relationships between the torque sensor (not shown) , the control unit, and the electric 
motor 5 1 is aris e n are impaired . When These relationships are fiirther impaired due to 
the moment of the inertia is add thereto, mismatch is fitrth e r promot e d of the electric 
motor 51 . Th e n, th e turning back Thus, the operational ability of the steering wheel is 
disturbed and thus the response of the steering becomes worse. 

14 In the electric power steering apparatus 50, moreover, the an excessive gap or 
clearance which e xceeds a pr e d e t e rmin e d cl e aranc e valu e may be aros e may develop 
between the worm gear 52 A and the worm wheel 54 as th e occurr e nc e of th e fl e xur e of 
the worm shaft 52 flexes . When such clearance arises, the dispensabl e backlash 
between the worm gear 52A and the worm wheel 54 b e com e s larg e r can become large . 
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Thus, the as s ist assistant steering force brought generated by the electric motor 5 1 
cannot be transmitt e d transferred completely to the steering shaft compl e t e ly . 

1 5 These disadvantages caused by the fl e xure distortion of the worm shaft 52 wiH- 
be remarkable are especially pronounced when the assist assistant steering force brought 
generated by the electric motor 5 1 b e com e s is large. 

16 SUMMARY OF THE INVENTION 

1 7 This is th e r e for e , th e The present invention aim at providing th e relates to an 
electric motor assist type power steering apparatus, pr e f e rably th e pinion assist typ e 
e l e ctric power st ee ring apparatus, which can pr e v e nt th e aggravation of the fe e ling of 
the st ee ring by pr e v e nting th e fl e xur e of th e worm shaft, and which can transmit the 
assist that transmits a steering force of the e lectric motor to th e steering shaft compl e t e ly 
to be added to the steering wheel in compliance with the steering force exerted by the 
driver . 

18 For attaining th e s e probl e ms, th e re is provid e d an This electric power steering 
apparatus comprising; includes an electric motor for adding generating the assist 
assistant steering force to th e steering syst e m, a controller which driv e s said e lectric 
motor, a rack shaft which ste e rs a steer e d wheel by displacing along th e axial direction 
thereof, a pinion shaft which is e ngag e d with said rack shaft through the rack and 
pinion mechanism , a worm shaft which is engaged with the electric motor so as to be 
rotated by th e e l e ctric motor, and thereby, a worm gear disposed on the worm shaft and 
engaged therewith so as to rotate therewith, a worm wheel which is engaged with said 
the worm gear on the worm shaft so as to be rotated by the worm gear, and is integrally 
arrang e d wdth the a pinion sha ft, one end part of th e worm shaft is join e d with th e 
e l e ctric moto r engaged with the worm wheel so as to rotate therewith. The present 
invention also includes a rack shaft engaged with at least one steered wheel so as to 
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displace the steered wheel in an axial direction of the rack shaft , and holding mean s , 
which holds on e end part and anoth e r end part first and second supporting units 
supporting the first and second ends of the worm shaft on allowing th e rotation th e r e of, 
is further arranged . The present invention further includes a distortion prevention unit 
engaged with the worm shaft at the middle thereof 

1 9 In the electric power steering apparatus according to the present invention, efte- 
e nd part and anoth e r e nd part of th e worm shaft are h e ld both ends of the worm shaft are 
supported by the supporting units without play. Th e worm shaft, in th e conv e ntional 
mann e r, is held with play, thus the fl e xural rigidity is not so high and th e flexure of th e 
worm shaft is easily aris e n. On the oth e r hand, th e worm shaft, in th e pr e s e nt inv e ntion, 
is h e ld without play, thus Thus, the worm shaft can be held su pported with high 
flexural rigidity. 

20 Accordingly, by pr e v e nting the occurr e nc e of the fl e xur e since distortion of the 
worm shaft is avoided, not only the occurrenc e of th e mismatch caused by th e fl e xur e of 
th e worm shaft at the tim e of turning back of th e st ee ring but also th e occurrenc e of th e 
aggravation of the steering fe e ling are prev e nted. Thus, th e certain transmission of the 
steering force brought generated by the electric motor may be reliably transferred to the 
pinion shaft can bo achi e v e d . Difficulties with the operational ability of the steering 
wheel thus may be avoided. 

21 In the electric power steering apparatus, preferably, said holding means each of 
the supporting units is composed of plural ball bearings which hold one e nd part for 
supporting their respective ends of the worm shaf t, and plural ball b e arings which hold 
th e anoth e r e nd part of th e worm shaft . 

22 According to this electric power steering apparatus, both e nd parts ends of the 
worm shaft are held supported without play by plural of using ball bearings. Thus, the 
holding of th e worm shaft can b e carri e d out on k ee ping th e rotating condition at th e 



5 



H1010222US01 



both end s of the worm shaft into the smooth condition can be rotated while being well 
su pported. And also th e holding of th e worm ohaft can be carri e d out using ball 
Because ball bearingSrwhieh are general-purpose parts , this may be accomplished 
without using the specific specialized parts. Therefore, the contribution to 
Consequently, a cost reduction may be attained. 

23 fe Alternatively, in the electric power steering apparatus, preferably, said- 
holding means is compos e d of plural the supporting units include ball bearings which 
held supp ort the ene first end paft of the worm shaft, and a needle bearing which holds 
another supports the second end par of the worm shaft. 

24 According to this electric power steering apparatus, eee the first end part sid e of 
the worm shaft that is joined with the electric motor is held su pported by the plural of 
ball bearings. Since eee the first end part of the worm shaft is joined with the electric 
motor, flexural rigidity in the efte first end part of the worm shaft is comparatively high^ 
However , and that of in the anoth e r if left unsupported, the flexural rigidity of the other 
end part becomes relatively low a little . 

25 In the present electric power steering apparatus, therefore, anoth e r the second 
end part of the worm shaft is held supported by a needle bearings without play. When 
the worm shaft is held supported by the needle bearing without play, since th e fl e xural 
rosistanc e of the worm shaft in th e diam e t e r direction is high e r than th e worm shaft h e ld 
by the plural of ball b e arings, the flexural rigidity along the worm gear asa whole may 
be higher. Thus, th e occurrence of the flexur e of th e worm shaft is thus pr e vent e d, and 
also th e occurrenc e of th e fe e ling gap b e tw ee n in the cas e the ste e ring is turned back in 
th e anticlockwis e dir e ction and in th e case th e st ee ring is turned back in the clockwis e 
dir e ction can b e d e creas e d. Thus, not only th e pr e vention of th e aggravation of ste e ring 
f ee ling but also th e c e rtain transmission of th e steering forc e brought by th e e l e ctric 
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motor 7 to the pinion shaft 3 are achieved. Difficulties with the operational ability of 
the steering wheel thus may be avoided. 

26 In th e pr e s e nt inv e ntion, furth e rmore, ther e is provid e d Furthermore, the present 
invention relates to an electric power steering apparatus comprising; including an 
electric motor for adding th e assist generating an assistant steering force to be added to 
the steering system, a controll e r which driv e s said e l e ctric motor, a rack shaft V i ^hich 
s t ee rs a ste e red v»^h ee l by displacing along th e axial dir e ction ther e of, a pinion s haft 
which is e ngag e d with said rack shaft through th e rack and pinion m e chanism, a worm 
sha ft which is engaged with the electric motor so as to be rotated by th e e lectric motor 
thereby, a worm gear disposed on the worm shaft and engaged with the worm shaft so 
as to rotate therewith , a worm wheel which is engaged with sai4 the worm gear on the 
worm shaft so as to be rotated by the worm gear, and is int e grally arrang e d with the 
pinion shaft engaged with the worm wheel so as to rotate therewith, and a rack shaft 
engaged with at least one steered wheel so as to displace the steered wheel along the 
axial direction of the rack shaft. , e nd part holding m e ans v»^hich holds the on e e nd part 
First and second supporting units support the first and second ends of the worm shaft eft 
while allowing the rotation of the worm shaft, and cent e r s upporting m e ans which holds 
th e c e nt e r part in the longitudinal dir e ction a distortion prevention unit is engaged with 
the middle of the worm shaft oh while allowing ^ rotation of the worm sha ft, wherein 
one end part of said worm shaft i s joined with the electric motor . 

27 The electric motor, worm wheel and supporting units may be referred to 
collectively as a torque transmission unit. 

28 According to this electric power steering apparatus, about the center part the 
middle in the longitudinal direction of the worm shaft is supported eft by the distortion 
prevention unit while allowing the rotation of the worm shaft. Thus, the worm shaft can 
be made into th e rotatabl e condition to rotate , and th e occurr e nc e of the fl e xur e 
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distortion of the worm shaft can be prevented. This is therefore Thus , the aggravation 
of th e f e eling of th e ste e ring is pr e v e nt e d difficulties with the operational ability of the 
steering wheel thus may be avoided , and the steering force brought generated by the 
electric motor can be transmitted reliably to the pinion shaft certainly . According to the 
cent e r supporting m e ans With the use of a distortion prevention unit , the worm shaft is 
h e ld without arranging th e holding means su pporting unit at eae the first end part of the 
worm shaft may be omitted , and the assembling efficiency of the apparatus as a whole is 
improved. 

29 In the electric power steering apparatus, pr e f e rably, said center supporting 
m e ans has urging means it is preferable that the distortion prevention unit includes an 
engagement assistor, which gives th e urging forc e towards th e engaging part betwe e n 
pushes the worm shaft aftd into engagement against the worm wheel from the opposite 
direction with r e sp e ct to the e ngaging part . 

30 According to the present invention, the urging m e ans which urg e s since the 
engagement assistor pushes the worm shaft to th e e ngaging part side into engagement 
with r e sp e ct to the worm wheel is arranged. Sinc e the fl e xur e , distortion of the worm 
shaft is prevented, and the worm shaft is pressed to the worm wheel with sufficient 
force? so that the clearance between the worm shaft and the worm wheel is maintained 
within the predetermined range. Thus, th e The occurrence of the unpleasant backlash 
between the worm gear and the worm wheel can be prevented, and the certain 
transmission of the rotation force of the worm shaft can be reliably transmitted to the 
worm wheel can b e achi e v e d . 

3 1 In the electric power steering apparatus, pref e rably, said c e nt e r supporting 
m e ans has it is preferable that the engagement assistor includes a first roller^ and a 
second roller which ar e touch e d with adjacent to the first roller, and a spring that pushes 
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the first and second rollers against the worm shaft and press the worm shaft tow^ard the 
engaging part b e t^^ ee n th e worm shaft and the worm wh ee l . 

32 According to th o pr e sent inv e ntion, th e In this electric power steering apparatus, 
the worm shaft is pushed against the worm wheel with the worm shaft central to the first 
roller and the second rolle r, which are fitted with th e w^om shaft, io applied to the 
e ngaging part b e tw ee n th e worm shaft and the worm whe e l Thus, the displacement in- 
th e ups and downs directions of the worm shaft in an up-and-down direction is 
restricted, and the engagement assistor engages the worm shaft is appli e d to th e 
e ngaging part b e tw e en th e worm shaft and with the worm wheel. Since the roller is 
rollers are used, friction is low, and the supporting m e chanism with slight e st fiction can 
b e obtain e d rotation of the worm shaft is not prevented . 

33 BRIEF DESCRIPTION OF THE DRAWINGS 

34 FIG. 1 is a whol e block diagram showing the whole of the electric power steering 
apparatus according to the first preferred embodiment of the present invention. 

35 FIG. 2 is a pten plane view of tho substantial a part of the electric power steering 
apparatus according to the first preferred embodiment of the present invention. 

36 FIG. 3 is a sectional view along the line X-X in FIG. 2. 

37 FIG, 4A is an explaining explanatory view of the model of the beam^ both ends part of 
which are held without play, and the bending moment applied to the beam, 

38 FIG. 4B is an e xplaining explanatory view of the model of the beam, both ends pm=t of 
which are held with play, and the bending moment applied to the beam. 

39 FIG. S 5 is a pten plane view of tho substantial a part of the electric power steering 
apparatus according to the second preferred embodiment of the present invention. 

40 FIG. 6 is a pten plane view of th e substantial a part of the electric power steering 
apparatus according to the third preferred embodiment of the present invention. 
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41 FIG, 6 7 is a sectional view along the line Y-Y in FIG. 2 6. 

42 FIG. 8 is a plan e xploded cross-sectional view of th e substantial a part of a 
conventional electric power steering system . 

43 DESCRIPTION OF THE PREFERRED EMBODIMENT 

44 First Preferred Embodiment 

45 The preferred embodiments of the present invention will now be described by 
referring to the attached drawings. FIG. 1 is a block diagram showing the whole of the 
electric power steering apparatus according to the first preferred embodiment of the 
present invention. FIG. 2 is a plan plane view of the principal part of the electric power 
steering apparatus according to the first preferred embodiment of the present invention . 
FIG. 3 is a sectional view along the line X-X in FIG. 2. 

46 As shown in FIG. 1, an electric power steering apparatus I according to the 
present invention has a steering wheel 2. The steering wheel 2 is connected to a pinion 
shaft 4 through a steering shaft 3. A torque sensor 5 and a torque transmitter 6 are 
attach e d provided to the pinion shaft 4. The torque sensor 5 detects the steering torque 
add to be added to the steering system (that is. to the steering shaft 3) . The torque 
transmitter 6 is an assistor, and connected to an electric motor 7, which adds th e assists 
and transmits an assistant steering force generated by the electric motor 7 to the steering 
system. 

47 A pinion 4A, arranged at the bottom part of the pinion shaft 4, is engaged with a 
gear rack 8 A provided on a rack shaft 8. In this construction, the rotation of the pinion 
shaft 4 is convert e d changed into tho displac e ment a movement in the a longitudinal 
direction with respect to the rack shaft 8 , and th e n a . Thus, steered wh ee l 9 and wheels 
9 are steered in compliance with the rotation of the pinion shaft . The torque sensor 5 is 
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connected to a control unit 10, and outputs the toque signal T to the control unit 10. The 
control unit 10 computes th e a s sist an assistant steering force using at l e ast the torque 
signal T outputt e d form from the torque sensor 5, and outputs the an electric motor 
control signal V© Vq to the electric motor 7 . and thus . Thus, the rotation of the electric 
motor 7 is controlled by the motor control signal Vn , 

As shown in FIG. 2 and FIG. 3, the torque transmitter 6 has a worm wheel 1 1 , 
which is fix e d coaxially provided to the pinion shaft 4 go that it might b e in th e coaxial 
location with r e sp e ct to the pinion shaft 4 . A worm shaft 12 is join e d to th e rotation 
shaft of th e e l e ctric motor 7 through th e coupling and th e lik e . A . The worm wheel 1 1 
is engaged with a worm g e ars gear 1 2 A provided on the worm shaft 1 2 is e ngag e d with 
th e v/orm wheel 1 1 . That is, the pinion shaft 4 is connected to the electric motor 7 
through the worm wheel 1 1 and worm gear 12 A. 

When the v/orm shaft 12 is rotated by th e actuation of the electric motor is_ 
operated and the worm shaft 12 is rotated, a rotation torque (assistant steering force) 
generated by the electric motor 7 is transferred to the worm wheel 1 1 e ngaged with 
through the worm g e ars gear 12A is rotated , and thus the pinion shaft 4 is rotated along 
with th e rotation of the worm wh ee l 1 1 through the m e chanism such as a plan e tary g e ar 
and the lik e in compliance with the rotation of the worm shaft . Tho assist steering forc e 
(st ee ring force) brought by th e e l e ctric motor 7 is transmitt e d to th e pinion shaft 4 , and 
then transmitted to Thereby, the steering force of the steering shaft 3 through the pinion 
shafe4 is enhanced . 

©fie The first end part 1 2B of the worm shaft 1 2 is beW supported by a first 
supporting unit including a first ball bearing 14A and a second ball bearing 14B, which 
are arrang e d in the adjoining location arrayed along the longitudinal direction of the 
worm shaft 12, on allowing th e so as to allow rotation of the worm shaft 12. 
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51 The These ball bearings 14A and 14B are a holding means, vvhioh holds support 
the ene first end part 12B of the worm shaft 12 with sufficient flexural rigidity. In other 
words, th e holding means r e stricts ball bearings 14A and 14B restrict the flexure of the 
worm shaft 12 , which also may be referred to as radial run-out of the worm shaft 12 . 

52 Anoth e r The second end part 1 2C of the worm shaft 1 2 , fiirthermor e , is heW 
supported by a second supporting unit including a first ball bearing 1 5 A and a second 
ball bearing 1 5B, which are arrang e d in the adjoining location arrayed along the 
longitudinal direction of the worm shaft 12, on allowing the so as to allow rotation of 
the worm shaft 12. 

53 Th e ball Ball bearing 1 5 A and 1 5B ar e also a holding m e ans, which holds 
support the ene second end part 12C of the worm shaft 12 with sufficient flexural 
rigidity. In other words, the holding means restricts the flexure of the worm shaft 12. 

54 The As shown, the location interval LI between the ball b e aring bearings 14A 
and 14B and the location interval L2 between the ball b e aring bearings 1 5 A and 15B are 
the same. The location interval LI and the location interval L2 ar e e stablish e d may be 
made large, as long as po ss ibl e so that it can the bearings still restrict the flexure of the 
worm shaft 12 efficiently , so as to prevent radial run-out of the worm shaft . 

55 The e xplanation about th e fijnction and the operation of the electric power 
steering apparatus having the above-described construction will b e carri e d out is, 
explained as follows . 

56 When the driv e r op e rat e s th e steering wheel 2 shown in FIG 1 is turned by a 

driver , the torque sensor 5 detects the steering torque and generates the torque signal T . 
The st e ering torqu e det e ct e d by th e torque sensor 5 is output torque signal T is supplied 
to the control unit 1 0 as a torque signal T . 

57 In th e The control unit 10 , th e assist computes an assistant steering forc e, which 
is brought by th e e lectric motor 7 and add to be applied to the steering system74s- 
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computed using at least the steering torque represented by based on the torque signal T 
on conGid e ring th e factors such as and in consideration of the traveling speed of the 
vehicle and the ste e ring turning angle of the steering wheel . Bas e d on this comput e d 
assist steering force, the electric Then the control unit 10 outputs the motor control 
signal Vo is output to th e e l e ctric motor 7 from th e control unit 10 Vn. which is 
generated based on the computed assistant steering force . 

58 The As shown in FIG. 2, the electric motor 7 is driv e n by activated in 
compliance with the el e ctric motor control signal Vo, and rotates the worm shaft 12 ef- 
shown in FIG. 2 . 0He Since in this instance the first end part 12B of the worm shaft 12 
is held supported by the ball b e aring bearings 14 A and 14B while the worm shaft 12 is 
rotating . Anothe r , and the second end part 12C of the worm shaft 12 is also heW 
supported by the ball bearing bearings 1 5 A and 1 5B . Thus, both end parts of , the worm 
shaft 1 2 is in th e h e ld condition by holding both end part 12B and 12C of th e worm 
shaft 12 on allowing th e rotation of th e worm shaft mav be rotated without radial run- 
out . 

59 The An explanation about of the flexural resistance of the worm shaft 12 will be 
carri e d out on ^ considering the worm shaft 12 as a beam , is now provided . 

60 FIG. 4A is an explaining explanatory view of the bending moment in the cas e 
that th e applied to a beam H that is generated when a force P is applied from above to 
the center in the longitudinal direction of a beam in a longitudinal direction, from the 
upp e r direction, wh e rein Here, both end parts ends of the beam are rigidly held without 
play (play m e ans it has a loose fit) . 

61 FIG. 4 A is an e xplaining vi e w of the b e nding moment in cas e that the force P i s 
appli e d to th e c e nt e r in th e longitudinal direction of a b e am from th e upp e r dir e ction, 
wherein both e nd parts of th e b e am ar e held with play (play m e ans it has a loose fit). 

62 As shown in FIG. 4A, in the cas e of the beam H, which has a l e ngth 1 and both 
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end parts HA and HB of which are rigidly held without play, the bending moment add- 
thoroto is Pl/8 added to the beam H, which has a length /, with both ends HA and HB 
held rigidly without play, is P//8 . 

63 As shown in FIG. 4B, in the cas e of the beam H, which has a length 1 and both 
e nd parts HA and HB of which ar e held with play, the bending moment add ther e to is 
W/4 added to the beam H. which has a length /. with both ends HA and HB held rigidly 
with play, is P//4 . 

64 The bending moment applied to the beam H^ with both e nd parts ends HA and 
HB of th e which ar e rigidly held su pported without pla y, becom e s is one half in th e cas e 
that the bending moment when both e nd parts ends HA and HB of the beam H are 
supported with play. Thus, when both end parts HA and HB of the beam H are rigidly 
held without play, the bending moment might may be made smaller than the case wh e r e 
when both e nd parts ends HA and HB are supported with play. 

65 Wh e n th e forc e P is appli e d to the c e nt e r in th e longitudinal direction The 
maximum amount of distortion of the beam H from th e upper dir e ction (hereinafter 
"maximum distortion", or S m^x ), , when a force P is applied from above to the center of 
the beam H in the longitudinal direction , wherein both end parts of which ends HA and 
HB are rigidly held without play, the maximum fl e xural amount (S max) of the beam 
H is formulated as formula (1). 

66 5 max - ?\^ /mEl^ ^ S^- P/^/192EI, Q} 

67 P: the force added to the beam H 

68 W: the length of the beam H 

69 E: Young's modulus 

70 Iz: geometrical moment of inertia 

71 On the contrarily However , when the force P is applied from above to the center 
of the beam in the longitudinal direction of the beam H from the upp e r direction , 
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wherein both end parts of which ends HA and HB are held with play, the maximum 
flexural amount (5 max) Smax of the beam H is formulated as formula (2). 

72 5 max - Pl^ MgBi^ (3) 8n^ - P/V48EI. (2} 

73 P: the force applied to the beam H 

74 1 /: the length of the beam H 

75 E: Young's modulus 

76 Iz'. geometrical moment of inertia 

77 Therefor e , the fl e xural Thus, the amount of distortion of the beam H , wherein 
with both end parts ar e rigidly held ends supported without play becomes to one fourth 
with r e spect to as in the case where both end parts ends are held supported with play, 
Ag d e scribod abov e , when Thus, with both e nd parts ends HA and HB of the beam H 
ar e rigidly h e ld supported without play, the flexural amount of distortion of the beam H 
can be made smaller than that of the beam H, with both e nd parts of which ar e h e ld ends 
su pported with play. Th e beam with Thus, sufficient flexural rigidity and with high 
flexure resistance can be supplied achieved when both e nd parts ends of the beam are 
held supported without play. 

78 Thorofor, wh e n Therefore, if both end parts of the beam H are rigidly held 
supported without play , the holding of the beam m e mb e r can be carried out v/ith may be 
provided with sufficient rigidity than th e case w^h e r e th e both e nd parts ar e support e d 
with play, and thus the maximum flexural amount and the distortion of the beam H can 
be smaller small. 

79 Ag for the el e ctric In the first preferred embodiment of the power steering 
apparatus 1 according to th e pr e sent pr e f e rred e mbodiment , the worm shaft 12 is rigidly 
held supported by the ball b e aring bearings 14A, 14B, 1 5 A and 1 5B without play. 
Sinc e th e sam e r e ason as d e scribed in the cas e of beam H can b e applicable Thus, the 
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worm shaft 12 according to the present invention can be held with sufficient flexural 
su pported with superior rigidity as compared to the a conventional holding manner. 

80 Wh e n In the present embodiment, therefore, when the electric motor 7 is 
operated and the force P is applied to the center in the longitudinal direction of the 
worm shaft 12 as a result of th e actuation of th e electric motor 7 thereof , ther e for e , the 
bending moment b e com e s to is one half what it would be if the ends of the worm shaft 
12 were not supported, and the maximum bending amount b e comeG distortion of the 
worm shaft 12 is one fourth what it otherwise would be . Thus, th e flexur e excessive 
distortion of the worm shaft 12 is e fficiently reliably prevented. 

8 1 Th e n, th e occurr e nc e of th e miamatch, which is Therefore, defects caused in 
conventional power steering systems by th e fl e xur e distortion of the worm shaft at th e 
time-ef when the steering wheel is turning turned back in the reverse direction are 
avoided in the present embodiment, ^afld Consequently, the aggravation of the st ee ring 
r e sponsibility in th e e l e ctric power st ee ring apparatus 1 ar e sufficiontly pr e vent e d. 
Thus, th e transmission of th e assist assistant steering force brought generated by the 
electric motor 7 is reliably transferred to the steering shaft 3 can b e achi e v e d . 

82 In the present embodiment, ftirth e rmor e , du e to when the weight of the electric 
motor 7 is high , the diff e rence betw e en th e flexural rigidity distortion at em the first 
end paft 1 2B of the worm shaft 12 aed may differ from that at the another second end 
part 12C of th e worm shaft 12 may b e aris e n . 

83 Wh e n In this case, if the worm shaft 12 is firmly connected to the rotation axis 
of the electric motor 7 and the worm shaft 12 ar e joined firmly, for e xampl e, the fl e xural 
rigidity distortion at the ene first end part 12B of the worm shaft 12 is higher lower than 
aftether at the second end part 12C of th e worm shaft 12 (fl e xural angl e b e com e s 
smaller) . In this case, it is preferable If th e rotation axis of th e e l e ctric motor 7 and th e 
worm shaft 12 ar e joined firmly, it is acc e ptabl e that the location interval L2 between 
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the ball bearing bearings 1 5 A and 1 5B , which support another end part 12c of the worm 
s haft 12, is e stablish e d made to be wider than the location interval LI between ball 
bearifig bearings 14A and 14B , in order to compensate for the rigidity at first end 12B 
being higher than at the second end 12C . 

To be mor e pr e cis e , the fl e xural rigidity of another end part 12g sid e can b e 
strong e r than that of one end part 12B side, by e stablishing tho int e rval b e twe e n the ball 
b e aring 15A and 15B wid e r than that of betw e en the ball b e aring 1 4 A and HB, 
Th e r e for e Thereby , since em each end ^art 12B and another e nd part 12C ar e rigidly 
h e ld with th e is supported with uniform flexural rigidity dep e nding on th e strength of 
the conn e cting part botw^o e n th e rotation axis of th e e l e ctric motor 7 and tho worm shaft 
12, th e prev e ntion of th e fl e xure . radial run-out of the worm shaft 1 2 can be achieved 
more certainly reliably avoided . 

Second Preferred Embodiment 

The second preferred embodiment according to the present invention will be is, 
now described. Fig. 5 is a plan s e ctional plane view showing a substantial part of the 
e l e ctric power steering apparatus according to the second preferred embodiment of the 
present invention. 

In an el e ctric a power steering apparatus 20 according to the pres e nt second 
preferred embodiment, only the construction of the torque transmitter is differing differs 
fi:om th e e l e ctric pow e r st e ering apparatus 1 that of the first preferred embodiment . 
Thus, in th e The following explanation , the e xplanation is mainly carried out about the 
differ e nt components mainly addresses the construction of the torque transmitter , and 
th e same components that are the same as that of as those already explained in the first 
preferred embodiment is e mitt e d and indicates as are indicated by the same symbol. 
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88 As shown in FIG. 5, a the torque transmitter 2 1 according to the present second 
pref e rr e d embodim e nt of the e l e ctric power steering apparatus 20, has a worm wheel 1 1 
fix e d to , which is coaxially provided on the pinion shaft 4 so that it might b e in th e 
coaxial location with respect to the pinion shaft ^ . 

89 A The worm wheel 1 1 is engaged with a worm gear 12 is join e d to th e e lectric 
motor 7. Th e worm gears 12A provided te on the worm shaft 12 , which is e ngaged with 
the v/orm wheel 1 1 connected to an electric motor 7 . 

90 When the worm shaft 12 is rotated by th e actuation in compliance with the 
rotation of the electric motor 7, the worm wheel 1 1 engaged with the worm gears gear 
12A is rotated, and then the pinion shaft 4 thus is rotated along with the rotation of the 
worm wheel 1 1 . The assist Therebv, the assistant steering force brought by th e e l e ctric 
motor 7 is transmitt e d (rotation torque) is transmitted to the pinion shaft 4. Th e s e 
compositions are sam e as that of disclos e d in the first pref e rred embodiment. 

91 Qm In the second embodiment, the first end part 12B of the worm shaft 12 is 
held su pported by the ball bearing bearings 14A and 14B which are arrang e d in th e 
adjoining location along arrayed along the longitudinal direction of the worm shaft 12^ 
so as to permit the worm shaft to rotate . 

92 On the other hand, anoth e r the second end part 1 2C of the worm shaft 1 2 is heW 
supported by a needle bearing 22 on allowing th e rotation around th e axis so as to allow 
the worm shaft 12 to rotate . The electric In the second preferred embodiment of the 
power steering apparatus 20 according to th e pr e s e nt pr e f e rr e d embodim e nt , the 
provision of the needle bearing 22 differs in that the anoth e r e nd part 12C of th e worm 
shaft 12 is support e d without play on allowing th e rotation differs from the first 
preferred embodiment . 

93 As for th e worm shaft 12 in In the e lectric power steering apparatus 20 
according to th e pr e s e nt pr e f e rr e d embodiment , one the first end part 12B of the worm 
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shaft 12 is heW supported without play by the two of ball bearings 14A and 14B, and 
anoth e r the second end part 1 2C of the worm shaft 1 2 is held su pported without play by 
the needle bearing 22. 

94 As for can be seen from FIG. 5, the needle bearing 22 , since needle rollers 
(locat e d at innor aide and out e r sid e in Figur e ) ar e contacting with is provided at both 
sides of the worm shaft 12 so that the needle bearing 22 is located along the longitudinal 
direction of the worm shaft 12 . Thus , the contact area between the needle bearing 22 
and the worm shaft 12 becomes wide rang e of as compared to the contact area between 
the worm shaft 12 is h e ld by th e ne e dle roll e r and the ball bearings 14A and 14B . 

95 Thus, flexural r e sistance in th e diam e t e r dir e ction at the anoth e r Thereby, since 
the bearing capacity at the second end part 12C of the worm shaft 12 wh e r e is support e d 
by th e n e edl e b e aring 22 is becomes higher than em at the first end part 12B, — 
Th e refor e , sinc e anoth e r end part 12C is held by th e ne e dl e bearing 22, th e flexural 
rigidity at th e anoth e r end part 1 2C of the worm gear 1 2 is also high e r su pported with 
superior rigidity than the-ene end part 12B wh e re th e worm gear 12 is h e ld by th e ball 
bearing 11 A and HB . 

96 Th e fl e xural However, the rigidity at on e end part both ends 1 2B and anoth e r 
e nd part 12C ef can be made uniform if the worm shaft 12 can b e uniform by holding 
the another e nds part 12C using th e noodl e b e aring 22, which gives th e sup e rior fl e xural 
r e sistance, e v e n if the rigidity at the one ends part 12B becomes high as a result of the 
firmly conn e ction b e tween th e rotating shaft of is connected to the electric motor 7 aftd- 
tho worm shaft 12 so as to also make rigidity at the first end 12B high, as described 
above . 

97 The occurronco of th e fl e xure Thereby, distortion of the worm shaft is thus may 
be prevented . In addition , and also th e occurr e nc e of the feeling gap , that is, the 
difference between in th e case the impression when the steering wheel is turned baek in 
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the anticlockwise direction and in the case the impression when the steering wheel is 
turned baek in the clockwise direction^ can be decreased. Thus, not only th e pr e v e ntion 
of the aggravation of st ee ring f ee ling but also th e c e rtain transmission of th e ste e ring 
force brought by the electric motor 7 to the pinion shaft 3 are achieved . Since the 
assistant steering force is reliably transferred to the steering shaft 3. the operational 
ability of the steering wheel is not impaired. 

98 Third Preferred Embodiment 

99 The third preferred embodiment of the present invention will be is now 
explained. FIG. 6 is a plan s e ctional plane view of the a substantial part of the el e ctric 
power assist typ e steering apparatus according to the third preferred embodiment of the 
present invention. FIG. 7 is sectional view along the line Y - Y in FIG 6. 

100 In the e l e ctric power steering apparatus 30 according to the pr e s e nt third 
preferred invention embodiment, only the construction of the torque transmitter is- 
diff e ring differs from the electric first preferred embodiment of the power steering 
apparatus 1 . Thus, in the following explanation, the explanation is mainly carri e d out 
about addressed to the different components, and discussion regarding th e sam e 
components that are the same as that^ those explained in the first embodiment is 
e mitt e d and indicates as omitted, those components being identified using the same 
symbol as in the first preferred embodiment . 

101 As shown in FIG. 6, a torque transmitter 24- 3i according to the pr e s e nt second 
third preferred embodiment of the electric power steering apparatus 3O7 has a worm 
wheel 1 1 fixed to , which is coaxially provided on the pinion shaft 4 so that it might be 
in th e coaxial condition with th e pinion shaft 1 . 
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1 02 The worm gear 1 2 wheel 1 1 is joined to the electric motor 7, and engaged with a 
worm gear 1 2 A provided ther e to is engaged with on the worm wheel 1 1 shaft 12, which 
is connected to an electric motor 7 . 

103 When the worm shaft 12 is rotated by the actuation of the electric motor 7, the 
worm wheel 1 1 engaged with the worm gear 12A is rotated, and theft the pinion shaft 4 
is rotated along together with the worm wheel 1 1 . Th e assist Thereby, the assistant 
steering force brought by the e l e ctric motor 7 (rotation torque) is transmitted to the 
pinion shaft4 shaft 4 . Th e s e compositions ar e same as that of disclos e d in th e first and 
s e cond pr e f e rr e d embodim e nt. 

104 ©He In the third preferred embodiment, the first end part 12B of the worm shaft 
12 is held supported by a ball bearing 32 in th e condition th e so as to permit rotation of 
the worm shaft 12 might b e allowed . Another The second end part 12C is also h e ld 
supported by a ball bearing 33 in the condition wh e r e the so as to permit rotation of the 
worm shaft 12 might be allowed . 

105 A c e ntral holding m e ans distortion prevention unit 35 is arrang e d provided at the almost 
c e ntral part middle in the longitudinal direction of the worm shaft 12. The central 
holding m e ans distortion prevention unit 35 is positioned so that on the opposite side of 
the worm shaft 12 with respect to the worm wheel 11. That is, the worm shaft 12 might 
b e sandwiched is located between the worm wheel 1 1 and the c e ntral holding means 
distortion prevention unit 35^aftd . The distortion prevention unit has a urging mean s an 
engagement assistor 34 which crow^ds which pushes the worm shaft 1 2 toward the 
dir e ction of pinion shaft 4 so that the worm gear 12A is engaged with the worm wheel 
11. According to this urging means 3 4 , the worm shaft 12 is pr e ss e d toward th e worm 
whe e l 1 1 fi-om th e opposite direction side w^ith r e sp e ct to the engaging part wh e re the 
worm g e ar 12A and worm wh ee l 1 1 are e ngaged togeth e r. This urging m e ans is 
arranged for pressing the worm shaft 12 to th e engaging part of th e worm w^h ee l 1 1 , and 
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The distortion prevention unit 35 is composed of a spring 36, an upper roll 37, a lower 
roll 38, and a roller holder 39 (see FIG.7). 

1 06 As shown in FIG. 7, th e urging m e ans 3^ has the upper roll 37 and the lower roll 
38 which are arranged at the opposite side with respect to the engaging part where the 
worm whe e l 1 1 and th e worm g e ar 12A of th e worm shaft 12 ar e e ngaged tog e ther. Th e 
urging means 31 also has a are rotatablv supported by the roller holder 39 , which 
rotatably supports th e . The upper roll ^ 37 and the lower roll 39, and 38 are pushed 
toward the worm shaft 12 by the spring 36, which press the roller holder 39 towards the 
worm shaft 12 urgently. The upper roll 37 and the lower roll 38 are fit and com in 
contact with the worm gear 12 A , respectively, and transmit urgent forc e brought by th e 
spring 36 to th e worm gear 12A. The rotation shafts of th e upper roll 37 and the lower 
roll 38 ar e support e d by th e roll e r fold e r 39 and thus th e . Thus the worm gear 12A is 
reliably pushed toward the worm wheel 1 1 . In the third preferred embodiment, the 
rotation axes of the upper roll 37 and the lower roll 38 are established so as to become 
parallel with respect to the worm shaft 12. and are established so as not to move in an 
up-and-down direction That is, movement of the upper roll 37 and lower roll 38 in the 
ups and downs dir e ctions th e r e of is r e strict e d up-and-down direction is prevented . 

1 07 In the e l e ctric power steering apparatus 30 according to th e pr e s e nt pr e f e rred 
e mbodim e nt, about th e center part in th e longitudinal dir e ction of ^ the worm shaft 12 is 
supported by the center holding means distortion prevention unit 35 at the middle in the 
longitudinal direction of the wonn shaft 12 . Th e fl e xural degr e e This is because the 
amount of distortion of the worm shaft 1 2 , conv e ntionally, tends to be maximum 
highest at the central part middle in the longitudinal direction of the worm shaft 12. As- 
for th e present In the third preferred embodiment, since the middle in the worm shaft 
12 is support e d pushed by the c e nter holding means distortion prevention unit 35, the- 
ocourrence of th e fl e xure distortion of the worm shaft 12 is e ffici e ntly prevented 
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reliably avoided . As a result of this prevention , the aggravation arose at the time of 
turning back of th e st ee ring is prev e nt e d, and thus th e prev e ntion of the aggravation 
variation of the steering feeling may be avoided, and the c e rtain transmission of th e 
assistant steering force generated by the electric motor 7 may be reliably transmitted to 
the pinion shaft can b e achi e ved 4. In other words, the operational ability of the steering 
wheel is not impaired, 

108 In the present invention, th e central part b e tw^ ee n on e e nd part and th e another 
e nd part since the middle in the longitudinal direction of the worm shaft 12 is support e d, 
th e scatt e ring in th e fl e xural r e sistanc e in th e longitudinal dir e ction pushed by the 
distortion prevention unit 35. distortion of the worm shaft 1 2 can be small e r avoided . 
Thus, th e gaps in the st ee ring f ee ling d e p e nding on th e turning direction of th e ste e ring 
can b e small e r. Thus, the operational ability of the steering wheel is not impaired. 

109 As for In the pres e nt inv e ntion third preferred embodiment , fiirthermore, since 
the c e nter holding m e ans distortion prevention unit 35 has the urging m e ans 
engagement assistor 34, so that the urg e nt force brought by the spring 36 is transmitted 
to the worm shaft 12 through the upper roll 37 and the lower roll 38 . Accordingly , the 
clearance between the worm gear 12A and the worm wheel 1 1 is maintained . This may 
be true within th e pred e t e rmin e d cl e aranc e even if the clearanc e, which e xc ee ds a 
pr e d e termin e d cl e aranc e value, com e clos e to arising occurs as a result of tbe- 
occurrence of a slight inherent flexure of the worm gear shaft 12. 

1 10 The In the third preferred embodiment, the worm gear 12A and the worm wheel 
1 1 are c e rtainly reliably engaged tog e th e r by th e c e nt e r holding m e ans 35, the 
unpleasan t so that backlash between the worm gear 12A and the worm wheel 1 1 thus- 
ean may be prev e nted avoided . Th e n Thus , th e transmission of the assist assistant 
steering force brought generated by the electric motor 7 may be reliably transferred to 
the worm wheel 1 1 through the worm shaft 1 2 can b e achi e v e d certainly . 
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111 Since In the third preferred embodiment, since the urg e nt forc e brought by the 
Gpring 36 is transmitt e d to th e worm shaft 12A through th e upper roll 37 and the lower 
roll 38 which are being rotatable, the rotation of the worm shaft 12 is carri e d out 
without any restriction is not prevented by the upper roll 37 and lower roll 38 when the 
worm shaft 12 is pushed toward the worm wheel 1 1 by the distortion prevention unit 35. 

112 Th e displacem e nt in th e ups and downs dir e ctions of In the third preferred 
embodiment, additionally, the upper roll 37 and the lower roll 38 > which are applied to 
th e worm shaft 12, are restricted , fiirth e rmore, th e displacement in th e ups and downs 
dir e ctions from moving in the up-and-down direction. Thus, since the worm shaft 12 is 
prevented from moving in the up-and-down direction by the upper roll 37 and the lower 
roll 38, distortion of the worm gear shaft 12 in the up-and-down direction is also 
prevented. 

113 According to this pr e v e ntion, the fl e xur e in th e ups and downs dir e ctions of th e 
worm g e ar 12 is also pr e v e nt e d. Thus, th e aggravation of th e st ee ring fooling is 
pr e v e nt e d, and also Thus, the assistant steering force , which is brought by th e e l e ctric 
motor, is c e rtainly transmitt e d to th e pinion shaft reliably transferred to the steering 
system . According to the supporting mechanism of the present invention, since the 
worm gear shaft 12 is supported by the upper roll 37 and lower roll 38, the supporting 
mechanism wi^ can be made with reduced unpl e asant friction can b e suppli e d . 

114 In the present third preferred embodiment as described , both end parts ends of 
the worm gear shaft 1 2 are held by the ball bearings 32 and 32, but the holding 
supporting manner of the worm gear shaft 1 2 is not restricted to this ease. The holding 
su pporting manner, for example, in which the ball bearing 33 that supports the second 
end of the worm gear shaft 12 is omitted, held without the ball b e aring arrang e d at 
another end part of th e worm g e ar can b e applicable may be acceptable as long as the 
fl e xural resistance brought by the c e nt e r holding means is acceptabl e distortion of the 
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worm shaft 12 is prevented by the distortion prevention unit 35 . 

115 In the pr e sent above preferred e mbodim e nt embodiments , th e e xplanation about 
th e e l e ctric a power steering apparatus, which assist the steering effort of the driver by 
adding the assist steering force brought by the electric motor in addition to the steering 
force brought by the driver's operation, is carri e d out is described . 

1 1 6 The application of the present invention is not restricted to the above-described 
ease embodiments . The application to th e another type Other types of construction 
may be acceptable as long as the it has a construction that th e diving driving force 
generated by the electric motor is add added to the pinion sha ft, which is join e d to th e 
rack f i haft and ste e rs the stooring wh ee l through the worm wheel and the worm shaft . 
As an For example of this , the a steer-by-wire mechanism, in which st ee rs the steered 
wheel is steered only by the driving forceT-whieh that is brought generated by the 
electric motor and is controlled by the e l e ctric signal , and the a four-wheel-steering 
mechanism and the like are consid e rable may be considered . 

117 As described above, in the present invention, the worm shaft 12 is held 
supported with sufficient flexural rigidity by holding supporting the worm shaft without 
play. According to this invention, since the fl e xur e distortion of the worm shaft 12 is 
prevented, the aggravation difficulties caused by the fl e xure distortion of the worm shaft 
12 at th e tim e of when turning back of the steering in different directions is prevented. 
As a result of this prevention, the aggravation impairment of the steering feeling may be 
avoided, and the certain transmission of the assistant steering forc e, which is brought 
generated by the electric motor^ can be reliably transmitted to the pinion shaft can be 
achi e v e d . 

118 In the present invention, on e end part and anoth e r end part both ends of the 
worm shaft are held by plural of ball bearings, respectively. According to this 
invention, the worm shaft \2 is held without play on maintaining th e smooth , so as to 
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permit rotation of the worm gear 12 A. Since the ball bearing which bearings are 
general -purpose components is us e d , furthermore, it their use can contribute to a cost 
reduction. 

119 In the present invention, both end parts ends 12B and 12C of the worm shaft \2 
are held with the uniform flexural rigidity by holding th e anoth e r . This is accomplished 
by supporting the second end part sid e , in which th e 12C, where the flexural rigidity is 
relatively low a littl e, by th e using a needle bearing. According to this invention, the 
fl e xur e distortion of the worm shaft 12 is c e rtainly reliably prevented and also the 
occurr e nc e of th e f ee ling gap betw ee n in the cas e th e ste e ring is turn e d back in th e 
anticlockwis e dir e ction and in th e case the ste e ring is turned back in th e clockwis e 
dir e ction can b e decreased th e certain tranGmission of th e operational ability of the 
steering wheel is not impaired. The assistant steering force brought generated by the 
electric motor 7 is reliably transferred to the pinion shaft 3 is achieved . 

1 20 In the present invention, th e occurrence of th e flexur e of distortion of the worm 
shaft 12 can be prevented while the worm shaft is made into th e rotatable condition 
nevertheless is free to rotate . According to this invention, th e aggravation impairment 
of the steering fe e ling may be avoided, and the c e rtain transmis s ion of the assistant 
steering force , which is brought generated by the electric motor^ can be reliably 
transmitted to the pinion shaft can b e achi e v e d . 

121 In the present invention, since the worm shaft 12 is pr e ssed to th e engaging part 
betw ee n the worm shaft and pushed toward engagement with the worm wheel ii by the 
urg e nt forc e of th e urging means with th e suitabl e force supporting units , the clearance 
between the worm shaft \2 and the worm wheel H can be maintained within the a 
predetermined rang e s range . According to the present invention, since the occurrence 
of the backlash between the worm gear 12 and the worm wheel H is pr e v e nted avoided, 
the rotation of the worm shaft 12 is c e rtainly reliably transmitted to the worm wheel H,. 
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In the present invention, the displacement of the worm shaft 12 in the ups and 
downs directions of the worm shaft up-and-down direction is restricted. The worm 
shaft 12 is crow e d toward th e engaging part pushed toward engagement with the worm 
wheel on allowing while the rotation of the worm shaft 12 nevertheless remains 
rotatable . According to the invention, since th e roll e r is rollers 37 and 38 are used, the- 
unpl e asant friction with r e spect to the worm gear can be reduced. 
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123 ABSTRACT OF THE DISCLOSURE 

124 To provid e th e e l e ctric motor asijist typ e power st ee ring apparatus, whioh can 
prev e nt the aggravation of the f ee ling of the steering, and which can transmit the assist 
steering force brought by the electric motor to the steering shaft completely, by 
preventing the fl e xur e of the worm shaft of th e oloctric motor assist typo pow e r ste e ring 
apparatus, pr e f e rably th e pinion assist typ e e lectric pow e r st ee ring apparatus. 

125 To attain thes e object, th e r e is provid e d an An electric power steering apparatus 
comprising; with an electric motor for adding th e assist generating an assistant steering 
force for transmission to the steering system, a controll e r which drives said e l e ctric 
motor, a rack shaft which st ee rs a st ee r e d wh ee l by displacing along th e axial dir e ction 
thereof, a pinion shaft which is engaged with said rack shaft through th e rack and 
pinion m e chanism, a worm shaft which is rotated by the electric motor, and a worm 
gear on the worm shaft that rotates therewith, a worm wheel which is e ngaged with 
rotated by the worm gear, said v > ^orm shaft and is int e grally arranged with th e a pinion 
shaft that rotates with the worm gear , on e e nd part of th e worm shaft is joined with th e 
e lectric motor, and holding m e ans, which holds on e end part and another end part 
supporting units that support both ends of the worm shaft on allowing th e so as to allow 
rotation thereof, is fiirth e r arrang e d and a distortion prevention unit that prevents 
distortion of the worm shaft. 
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